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ABSTRACT ‘a | 
7 \ 
. Ss . ¢ . a 
- °° ®his al aacoeees four alternative theoxet teal " 
. models ef intellectual competence using confirmatory factor 
analysis to account for the ,correlation patterns derived 
: ; . . a : 
from Wechsler intelligence tests. ——, , 
oo “It is argued that, the ay rerence between the chi-square _ 
; goodness of fit statistics tp are provided when using 
confirmatory factor analysis give a meashre, of discrimination 
t between models and allows e researcher to snnagd wsch model 7 
best fits the data. / 
It was found. that a model based on Luria and Vernon's . 
. ‘theories dnvolving simultaneous and successive processing,’ | / 
verbal and spatial abilities, and attention provided the best 
fit compared to the three competing models. : 
ee ¥ ‘ . . a . . 
_s ( & : 
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from the hypotheseg. It is possible to fix the parameters 
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This paper aaneasen (he succene of pitexuntive theoretical 
mone of intel 1éctrial somperdace ~ “accounting - for correlation 
patterns derivéd irom-eubscklen of the Waphaler intelligence 
test Me sOg confirmatory factor analysis to determine the 00% 


{ 
negs of fit to specified target matrices. 
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- Confirmatory factor analysis enables. tests of hypotheneg 


r 


which constrain the elements of. a coyariance or correlation 
o 


matrix by expressing them as functions of a smaller number of 


parameters, these parameters forming a pattern that is. derived. 


! ‘ ‘ —_ 
to some ace value, to constrain them to be equal to 


other valves, or to freé then to be estimated: ‘from the data 


conditional on the fixed and constrained parameters. 
The first order factor ealotie mod lis - 
7 ; 2 . ag 
- C = HSH' + U. (1) ' 


‘where H is the- matrix of SaCtOR-Dectern Toeaines:. 8 is the 


‘ 2 
variance-covariance matrix, and ‘the diagonal elements of U 


are the unique factor coefficients. 

After. the maximum-11keihpod ogtimates. of the free. 
‘parameters .bave been calculated Lt is possible to test the 
wh¥potheses represented by equatién (1) against: the alternative . 
hypothesis that Cis any Bsitive dpfinite matrix. 

For jeuaie 6s maximising the log likelihood tinction 
based on the usual unbiased sample estimates of the elements — 


of C, the reader is ‘referred to McDonald and Swaminathan (1972), 


and McDonald +(1978). The logarithm of‘the likelihood rating is 


N/2 times the minimum value. of the function F, In large { 
2! 


camp es under the model, this is distributed | as x which can 
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be transformed (by" the Wilsonviilferty method) to a atandard _ , a 
normal deviate Cat f= 0.05, 2 = 1.986), . , 
ans oe Muliak (4978) "and Soraekog (1978) nave pottited out: the » Se geen 
sensitivity -ot x to var iou¥ model assumptiong eueh Wwe ae 
lineratity, giaitavity and multinormality. sua heteone, with 
~ large samples Tt will almost \always be possible to detect slight 
but unimportant departures from the. model What —— more : 
impor tant, ig the degree to which the mode] a reproduced | 
| Govariance matrix fits the elements of the sample or aamal 
. covariance matrix, (k * 


ps7 


re! > Y hea al the degec or fit with*that obtained by other 4 
° t ’ ; ‘ a ‘ ot 

: hypothesized models. Even if it is not possible to explicate 
Vie é ; : es . 
a a model that cannot be rejected at Conyehtional levels of 


Another method for assessing the , adpquncy of a model is 


acceptability (oe a 0.08), it is possible to agsess the - 
goodness of fit of waeious pre-formulated models then tentati- 
aly accepting that model which most satisfactorily ‘fits. the_, 
data. The most acceptable model is that ,which results’ inva low °%* 
and unpatterned residual ‘matrix and'which is a significant _ 


2 


improvement over competing, models (dsteumined by A ra = . OR 


| with 4 df =. df nat where subscript 1 and 2 related to _ | / 
competing models. ) Vi 3 _ ' | oe [ 
! | f ae: Svesent paperpevolved oo an attempt to relate the | 
{ 7 fabio: structure ‘of a comprehensive ‘intelligence test (Wechsler, | . 
1974) “to aspects of an information processing model. _ The psycho- i 
lace metric model of interest has been developed in the context of «! 
a) 7 laboratory. and stood based research on learning and ‘is “closely reyateds 
a = to ‘the sor of Luria’ (1966) and Vernon (1971). The ‘model exhibit | 
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dimensions of simultaneoug and wuccessive information procéssing, | 


. . P ‘ . l 


spatial reasoning, verbal comprehension and attentiveness. 
. . . . = , 


‘ carroll (1978) attempted to haw “how the nguctore" identified 


_ din factor analytic _ ‘of cognitive abilities «can be Q. | 


interpreted in terms oa heories land experimental work in 

éoenitive psychology. | Carroll demonstrated how the tasks on . ae a 
many typeoest eeyanonetats ‘eats in “the cognitive dei a are 

indeed cognthave tasks whose structure, content, and control << & 
processes can ‘be identified. . Hunt and his hon (Hunt, EL 
Frost end Lunqeborg, 1973. Hunt; E. , Lunneborg' and Lewis, 1975; | ‘ 
Lunneborg,. 1974,°1977, Hunt, E,, 1976) have jsought relation- | 
ships between psychometric test. scores and the parameters of * ie 


performances in ‘learning and memory tasks. They have found, 


? ‘ 


’ for example, that scores on a comprehensive vetbai intelligence 


test were significantly oo to many oe of ‘information 


processing, mcs a a eaventin sensory data to 


° 


conceptual meaning, apeed in scamming data in short-term.memory, | ° 


retention ofyprder information, and resistance of memory infor- 


mation to jaterfering data. | oO 


Whitely. (1977) investigated the relationship between a 


prototypic intelligence test. Sion ~ verbal gpalogics = and ‘several.’ 


\ 


» ¥ 


laboratory. tasks represent ing a series of information processing 


stages and concluded ‘that the most successful, analogy Botver 


a 
encodes zag patel memory information about the items rapidly, 


but spends more time evaluating ‘the relational Wialtty of the ¢ ; 
Se Pe aoe 


woformation retrieval : | J 


. ~ 45 Fee ; : = SZ 
‘Yet these studies are. rare comp red to the common habit . 

of trying to induce ‘meaning from nufode at correlations. This 

See 4 8 present. paper. ‘ie — of ongoing research investigating the. 
"adequacy of Luria! 8 mode of intellectual processing to real 
life behaviours (see Fitzge) ald, 1973, 1076, Hont, D. 
‘Fitzgerald and andhawa, ca : Green, 1977, Davidson, 1978, 1979, 

{ . Davidson and’ Kiten, 1979, a ieie: 19792, and various M.A. ‘and: 

Ph.D. ‘students: at the Centre for Behavioural Studies at the 
University bi New England). “In peryscurars what is investi-~ — 
gatgd in ‘this paper Pe adequacy of a model based on the work 
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of Luria and TonnO as opposed ‘to alternative models: to exprein . ‘ 
“ae relationships between the pubeenes: of the Wechsler intelli- 
; 
a &énce scale tor children cw C), : ae os \ 
. Yo . 
. The models )} * = 4 ‘ ( 
i 8 a y . _ 3 
~ 2, The ‘two factor model { 
Wechsler eee 1974) grouped the subtests ae thé WISE 
\ 


into & verbal and a performance scale, suggesting a ewe faetor 


model. Finding justification for two factors in Wechgler ' 8 
Lf 
Y 


+ ew 
_ writing is difficult. © The SaparKEaen seemingly ia iia on 
early work by Alexander (1935) who discussed intelligence in - 

{ ., terms of ‘functional unities', one of which was a verbal factor ‘ 
| and spother was a performance factor. Wechsler (1949, 1974), 

x ‘discussed the two ttietors as a dichotomy and éYaimed aa the ° 
1 dichotomy remained regardless of -other 7eye in which the | test: 

| 7 we eisetelce.. a . a - = 

| A 5 


The yerbal factor includeg subscales that megsuregeneral ae 


information, general comprehension, arithmetic, similaritieg, 
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vocabulary, and digit span. The performance factor includes \ 
. . N ‘ ; aw. * ~ 1 
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\ picture completion, ee arrangement, block design, object 


peeenn ys ood &, ang mazes. : Silverstein cae) also argued. 


‘the 12 eubteats into more , than two factors was - 
° . 
t descriptive efficiency. Based ona 


. that partials 

triyiad in terms 
principal componen analysis De claimed that there was a’ 
- verbal and SSE ONT that these\were _ j 
vthe actual functional’unities in in elligence test performance". 
‘Giiere who have argued simildrly include Balinsky, (1941), 

Maxwell (1959), Jones (1962), Crockett, Klonoft and Bjerring 

’ (1969), Silverstein (1969, 1977),. Blaha, Wallbrown ‘and Wherry’ 

ft (1974), Van Hagen and aurnais (1975), Wallbrown, Blaha, Wallbrown 


and Engin (1975), and Schooler, Beebe and Keopke (1978).: 


2. The three factor ee | 7 : 


Three - factor models have been propekeds that llavine a verbal, 
a performapee and a irecdom from distractimdity factor. 
Matarazzo. (1972) has argued that this third factor is aca el 


en enough to merit serious continued Antere6t> Yor, it has 
many labels: - stimdlus trace, memory , attontion-concevtrations, 
plasticity, eidinessincelnd ability, concentration, sia cn 
Appiication and ‘the most sokuon” freedom from distractibility 

* It Bas been ‘anid in normal and special group, samples meal 
Huei mat, end eos po t®) ang sreaneyey loads on agit span, 


comprehéngsion, arithmetic, ‘and pioture arrangement. The 


present authors found, rere that over the many studies that y fa | 
-have rdported. this thetor, only similarities Ga vocabulary 


a. 


have not loaded on the freedom from distractibility factor. 
Cohen (1952) contends that tests loading on ,this factor~have 


in common the requirement of ateie: andietracted attention for 
fi ots a 
good performaice. "In all of ‘them, if one of the elements to 


= . a : . t ; 
be mentallyrmanipulated by the subject does not ‘register ' when. 


® 


ee ee : ie hg et Ee WS 3 c z . aH P : 
aunt a Sy oe oS YT. sai re ee ps + : . fos ‘ . e 


i a presented by the dxaminer, or is ‘lost! in the eounue of e ‘ 
| manipulation, the subject can not make up this ioweand Ve 
penalized in the scoring. _ Thus the. naming of factor C ag 
* "Freedom from Distractibility" (Cohen, 1952, p. 363). | r 
| The three factor solution has béen reported by Hammer ee 
(1950), Cohen (1952), Baumeister and Bartlett’ (1962), Cropley 
(1964), Belmont, Birch and Bélmont (1967), Osborne and’ Tillman ~ . 
(1967), Kaufman (1978), Van Hagen and Kaufman (1975), Silverstein — 
(1977), and Swerdlik.and Schweitzer (1978). . 
3. The five ‘tactoy or Cohep solution 
The Cohen solution involvés five factors: verbal . 


comprehension I (information, similarities, arithmetic, 


‘ay 


» comprehension, end vocabulary); perceptual organization 
( ck design, object assembly, picture arrangement, picture 
mpletion and mazes); freedom from distractibility eee 
7 span, mazes, picture arrangement, object assembly, and 
arithmetic); verbal comprehension 11 (omprehension, vocabulary, 


: _ 7 similarities); and a quasi- -specific‘or undefined factor 


(Cohen, 1952, 1957, 1957b, 1959). 


es 
4. The Vernon-Luria model .* . 

vemon ia contends that after the removal of "e" 5, 
tests tend to fall info. two nein groups: the verbal-numerical— 
education on e one hand wfeay, and the BYeCVs ce necrerteat 
spatial on the other hand Uk: m). The v:ed factor encompasses 

a tairty strong unified’ ‘group of abilities and the k:m results 
not 80. much from practical ability as from an aggregate of all 
non-symbolic capacities not usually ‘affected by schooling. 

i Yet, we can go beyond the content of the tests es formulated* 
by Vernon and include the manner in which “the information is 


processed. Luria (1966) suggested that there are two main 
. : e 


¥ — _ i... _—, " 
oy dimenelous of the intellect which eA important in cognitive 
tasks: a successive or. sequential processing dimension and a . 
simultaneous, processing dimension. Simultaneous ability ia° 
. geen as tie’ ability to synthesise attmuli ido an “Mitegrated 
, . image. . That is, simultaneous ability’ involves the: ability 
to reason i with Imeggs of perceived spatial penny without - _ 
altering the ‘spatial relationships that exist ‘among the | fa 


‘ , = ~ ie ? bad 
components. . . fe 


Sequential “processing involvés an opiertne of successively 
perceived rier that each stimuli is seen ag evoking a 
"particular chain’ of successive links" which follow "each other 
. " in. serial order". That is, the successive elements are not ; 


~- surveyable but, are so integrated that each element evokes 


* 


} its successor. | o | 
| a a “Leria (1966) éimined; fitihemnods.” enat the disootinity _ 
* and Soleetivity of mental processes and the basis on which 

» these processes are organized, is usually termed attention — 

a in psychology. By this faractie dinptees the process résponsible 
~¥ . for picking out the eenen fl elements for mental activity, or 

| \ _ the process which keeps } lose watch on the precise and 7 


organized course of mental activity. ‘ This ‘conpeptuntlication 


of vattentior ‘Geom semi tar to Cohen's Freedom from Distractibility 


6 


- 
Ms 


ow. 


factor. eae et 
Thus what we shall call, the Vernon- Luria model anotudse 
“five factors: verbal-numerical-education, practical-mechanical- 
spatial, simul taneous processing, successive pe Cene nes and a 


attention- feesdon. from distractibility.” 


Pen in matt ad: —tebite eateeinataiae titanate niet ta hee or: 
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The WISC manual (Wechaler ; 1974) presents 14 corréiation ; 


/ matrices of the 13 cubtallts. eee There were +400 children in aah 


< 


i ager groups. ranging in yearly: intervals trom 64 to +164. For 


or 


the 2-, ae and Cohen | ‘slut iona, the pattern of loadings \ were 


easilyetetermined FrOM the’ literature as described above. For. , 


the Vernon-Luria mode 1 the patterning of bbe Jial was not 80, 


meow 
a = “ . +, 


straightforward. ( 


A description of Vernon's theories, Luria's model and the 
12 Wisc subtests wae given to various members of the ‘Centre 
tor Behavioural Studies (UNE) who were asked to rank order the | 
subtests in terms of the extent to wpich they relened to each 
factor. This was done to prevent the frequent and often 
Justified criticism that names assigned to“ factors hays little — 
mean ing to others and can ‘often be tautologous. » The nine 
faculty members showed rentable consistbncy 2 to peach tests 


* should Toad on the various factors. 


y - ‘It was ‘predicted that digit span, vocabulary, ‘information, 


}* 
pretire arrangement, coding, and comprétionsion would load on “the 


sucaessive ector. wna eoule so mec assembly, PPOCK design, 


~ 


pidpure, sompiot ssa and mawes would ‘load on | the - stputtansous factor, | 


Comprehension, arithmetic, Gotabataes: information, and similarities 


would load on tpe verbal-numerical~ education ‘theta, Block 


design), object assembly. picture completion, picture arrangement, 


mazes*and coding would load on the: practicai-meghanical-spatial : 


factor. . Arithmetic, digit span, comprehension ang picture “. 


| arrangement ¢ would load on the ‘attention- freedom from distract-— 
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cal 


- the a, *g., Cohen-and Vernon-Luiria models were -then: scented 


ee the if correlation matrices in the WESC manual via the 


“procedure ‘butlingd nt the begitning of. this paper (using 


\ 


McDonaid and Leong' ef) CQSA, programe). Phe cht Sais 


2 , ¥ 
degrees of. freedom, and Wilbon Hil terty a transformations for . 
the four iyuothesazed patterns are’ presented -in ‘Table 1. 


Exoept for the | 64 year old, sample- the Vernon-Luria model 


is a Migniticantly better: fit’ than the 2- factor sdlution. In’ 


all ‘cases the Vernon- Luria model’ is a stenstleintily better 


™ 


fit than the 3- factor solution and the Yernon-Luria model - 


“is a significantly better. fit for all but four fee groups than 


the Cohen solution (see Table 2)e ase *% ee ar te es 


a ® 6 


The factor loadings averaged “across, ‘the ‘11 samples are : 


paseneed in Table 3. wi 


%o, o a x» 
vA ~~ 7 . - . e° 4 
‘ -" Fable 2 near here. 
: . A Wy Cre.) . : / 
; ’ 7 i. . . ae 
® . ‘ ; . 
, é } t "s * 


- _. *Table 3 near here | * 


, : \-* ; 
Cota - degrees - of iseoton! and seta peat ener ye 
fdr téBting the goodness 


4 ~ rs . i am —_ sot : he way oe a oa 
is 8 cee * ARLE 1 eo: ge ee we a ‘ ~ 


J ‘ _ : 
‘ = by ‘i 
re ‘ : Wess . . od 
. 2 5 A, e fs 


of fit of the four, hypotheges: gelated | nice 
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aoe 2 4 jracter, _ ° 3 factor: Cohen 5 factor Veriion-Luria: 5 factor 
= ~ (df 53) 1S ay (df = 36) (df = 30). 
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Lonccee wuss wgs . .. Differences invy and significance level between the 
, 2. Vernon-Luria mode] and the 2-, 3-,. and ene e-4 —— «a 
i . es | aye ‘7 é Fy ¢ 2 , a 
a @ Verndn-Livia.vs ~  Verngn-Luria ws Vernon-Lurta vs — 
cae _ #3 2-factor (df*23) °° 3-factor (df=21) Cohen-solution an 
tt: . . . ; Ldf*6 : a : ee 
ee Age eS & es ow * +8 re 
. Group AX Po AX Ve fl AX. @° 
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a & = heteeed all-tactors. The mean coefficient between non _ oo 
oe tS matching factors was 0. 036 and {between matchtog. factord: ‘was : | 
_ 0. 712: 19 meari congruence cootticient \¢br the succestive | 
“tactor was 0.745, tor the simultageous factor was 0. bis,” Jor _ 
F the verbal factor was 0.673, for the siaedal: Saoter was 0.981, a 
and for the attest ion-freedom from distractibility factor was, - 
0.674, This. evidence indicates considerable stability of the 
factors over all age groups. 
- * Discussion . 
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analyses hasi been ‘demonstrated. Underying the Wechsler. 


“intelligence scale for children there seems ta be two factors 
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from distractibility SRCEON The two ane aie factor, and the 
“Cohen: solutions do not “provide jes duet a fit and should be 
gajeoted. in tayout of the Vernon+Luria model . 
| It is suggested that ener models could be assessed using ~ 
the methods described an ane paper and plso eocuae higher- 
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order models “could also be ‘Sneorporated: ! Certainly we do ‘not 
contend that the Vernon-Lurin | model ceo ae the best’ fit, 

. merely that it should be’ accepted until b more satisfactory ~ 
model is proposed. * It would seem that ont irmatory factor | 
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goodness: of fit of varfous. educational ‘and psychological modéls . 
(see | Hattie, 1979p’ ror another éxampie using the Personal ae 
aan Orientation Inventory ). | The use ‘of. confirmatory factor . 6 
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analysis in, this manner ahould be a step forward in ‘uniting 


“what Cronbach (1975): has. critical if termed the two disciplines . ° 


- + 


‘an scientific Psychology, one. the peychometrie, one oe _ 
experimental. c = . _ _ a rege U 
Studies using the Vernon and particularly the ieia 7 
model. are suggesting that models of information processing 
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* (see Fitzgerald, 1973 ; Biggs, 1978). 6 FL 
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